Abstract The aim of this work is to determine the technical and economic feasibility of implementing different reclamation and reuse projects that improve the quality of the Apatlaco river basin located in the central part of Mexico. A special methodology based on a decision support system was developed. This methodology allows to decide if it is convenient or not to finance a reclamation or reuse project for the most common water uses in the basin. This methodology is based on the net present value criteria (NPV) of the effective cash flow during the useful life of the project. The results obtained reveal a technical and economical feasibility for industrial reuse in Jiutepec and for agricultural reuse in Zacatepec and Emiliano Zapata. On the other hand, sanitation projects are not feasible in all cases analyzed. Therefore, Mexican Regulation (Ley Federal de Derechos en Materia de Agua) as currently implemented, does not promote and support this kind of projects.
Introduction
The Apatlaco River micro-basin is a part of the Amacuzac river basin, one of the most important tributaries of the Balsas River. The municipalities of Jiutepec, Zacatepec and Emiliano Zapata belong to this micro-basin. Because of water scarcity and environmental and water pollution, it was necessary to implement sanitation actions and to develop a program for efficient water use. The water authority in Mexico (National Water Commission) is of the opinion that the water that flows along the rivers of this micro-basin is not suitable for urban public, agricultural, and industrial use (CNA, 2002) .
The objective of this study is to determine the technical and economical feasibility of implementing reclamation and reuse of wastewater generated in these three cities as a strategic tool to increase water availability in the area and to improve the environmental quality of the micro-basin. Table 1 shows the most significant characteristics of the above mentioned municipalities. It is important to point out that inhabitants of these three municipalities constitute 19.4% of the total population of Morelos State. Agricultural practices are based on high water consumption cultures. One of the country's biggest sugar cane plantations and sugar cane factories are located in Zacatepec. The most important industrial area of the state is located in Jiutepec with more than 250 different industrial factories in the area. Table 2 includes the wastewater treatment systems used for the implementation of the reclamation and reuse projects, designed flow and reuse alternatives based on the characteristics of the selected area.
Technical description
Municipal wastewater characteristics used as reference for the design of the wastewater treatment systems for the three municipalities are the same as those reported by the local water authority. Reuse and reclamation criteria were established in accordance with Mexican official regulations (Normas Oficiales Mexicanas) for agricultural and aquaculture use and also in accordance with wastewater quality criteria recommended for industrial reuse by the Mexico City water authority (Dirección General de Construcción y Operación Hidráulica del Distrito Federal, DGCOH) . This information is shown in Table 3 . Using this information as a starting point, reclaimed treatment systems that will comply with the previously established criteria for safe water reuse have been designed.
Using a CAPDET-PC simulator (Computer assisted program for the design of wastewater treatment facilities™), construction volumes, supplies, equipment needed and system's dimensions were calculated. This information was used to determine budgets relative to private costs, which include investment, exploitation and maintenance costs. In addition to these costs, the methodology includes opportunity costs and environmental costs of the project. By opportunity cost we mean the cost in which the agent incurs for not investing the private fund in a more profitable activity. For this case, the criterion established was to use the interest rate provided by some long term financial instrument, such as treasury bonds.
Regarding to the environmental costs it was determined that they are null because the initial paradigm is that the facility is a treatment system used to control pollution; possible externalities are eliminated due to the processing and recycling of the generated sludge with a minimum negative impact on the environment. Table 4 summarizes the calculated costs for the municipalities of Jiutepec, Zacatepec and Emiliano Zapata, respectively.
Economic analysis
This analysis identifies, quantifies, evaluates, establishes time frames and a periodical distribution of the impact of the project for a specific setting and related to a specific agent. This impact is added to an evaluation that combines the cost -efficiency analysis (CEA) and the net present value technique (NPV) in order to determine the economic feasibility of the project. The developed methodology is part of the project entitled "Reclamation and reuse projects. Methodology for technical and economical analysis and case studies." (Seguí-Amortegui, 2004) .
Objective definition
The objective of this economic analysis is to identify a technological alternative for a wastewater reclamation project and for a reuse alternative that offers to the local water authority the maximization obtained from the difference among benefits and costs: The defined setting for the project is the Apatlaco river micro-basin.
Project impacts
Considered outcomes of the project and its evaluation are shown in Table 5 .
Identification of involved agents
Involved agents from the outcome analysis considered in the project are:
• Local water authority (Organismo operador del Gobierno del Estado de Morelos).
• Agricultural users downstream from the reclaimed wastewater systems "La Gachupina" and "Puente Blanco" in Jiutepec.
• Zacatepec Institute of Technology and agricultural users downstream from "Zacatepec" reclaimed wastewater system. • Agricultural users downstream from "Emiliano Zapata" reclaimed wastewater system.
• Industrial users from Morelos and San Gaspar textile factories.
• "Emiliano Zapata" sugar-cane refining plant. • "Industrial city of Cuernavaca Valley", ECCACIV, factories.
• Recreational users from "San Nicolas" swimming facilities.
• Aquaculture users from "San Gaspar" fishing ponds.
Identification of financial needs
The project considers a 100% social capital financing with a 12% effective rate.
Cost aggregation
Private and opportunity costs described in Table 4 were involved into the model to obtain the "Minimum Price of Sale" (MPS) considering the following suppositions:
• Economic life of the project: 15 years.
• Social capital financing.
• 12% effective rate.
• Inflation is not considered.
• Investments are made at year zero.
• During the first two years of the project there is no income (the wastewater treatment facility is under construction).
• Opportunity cost is calculated from inter-bank interest rate.
With this information, it is possible to determine a Minimum Price of Sale (MPS), which is defined as the minimum income the agent needs to guarantee cost recovery and expected efficiency. This investment needs to be profitable under the criterion of the Net Present Value (NPV). MPS is calculated from the net cash flows (FNE) from the income statement when the net present value (NPV) equals zero.
FNE = MPS -C -T
Where:
The MPS results from the model for each one of the proposed alternatives are shown in Table 7 .
Benefit aggregation
The maximum income that the local water authority could have for the reuse of reclaimed water is given by: 1) the money saved from water costs obtained from a conventional extraction and supply source; 2) the money saved due to lack of discharge of wastewater flows to federal body water. These savings are described in Table 6 . Considering the possible benefits as the starting point for different uses for reclaimed water, Table 7 shows the Probable Maximum Income (IMP) that can be obtained for each of the proposed alternatives for reuse. The IMP value is calculated by weighting water demand for each use and multiplying it by its respective benefit. 
Decision making
An informed decision-making is made possible by choosing the alternative that shows the biggest difference between the probable maximum income and the minimum price of sale. Table 7 summarizes the IMP and the MPS, as well as the maximum benefit and the feasibility status for each alternative. Figure 1 shows a graph that represents the maximum possible benefits for each of the proposed alternatives. As can be seen for the reclaimed systems for reuse in Jiutepec alternatives 2, 3, 4 and 5 are feasible, the latter being the one where the maximum benefit is obtained. For the city of Zacatepec, alternative number 2 is the one where the maximum benefit can be obtained. On the other hand, for the town Emiliano Zapata, the alternative proposed is feasible. Related to sanitation, none of the proposed alternatives is feasible.
Conclusions
The main contribution of the economic analysis conducted in this study is to obtain useful information supported scientifically and methodologically that allows the local water authority to make a confident decision as to the best economic policy for the best system performance. The new policies on integral water management stimulate the reinforcement MPS ( Feasible of projects evaluation in a manner that assures the best investment of assigned resources. Reclamation projects for the reuse of wastewater treatment generates a series of impacts that are necessary to identify, quantify, and evaluate in order to know the advantages or disadvantages of these projects implementation. The designed methodology incorporates these impacts in an economic analysis, where the decision criterion is the Net Present Value (NPV). The most attractive alternatives are: In Jiutepec, alternative number 5, with a maximum benefit of 0.3447 dollars/m 3 ; Zacatepec, alternative number 2, which presents a maximum benefit of 0.1520 dollars/m 3 and finally, for Emiliano Zapata municipality the alternative proposed offers a benefit that could reach 0.1683 dollars/m 3 . Related to sanitation, none of the proposed alternatives is feasible. For this reason, it can be concluded in this case that regulation (Ley Federal de Derechos en Materia de Agua) does not stimulate sanitation actions. It is easier and more cost efficient to pay and pollute (discharge) instead of improving water bodies' quality: avoid discharge, treatment and reuse.
